In this section, we show the structure design of the valley photonic crystals. We start from a massless Dirac Hamiltonian
experiment a spacer is used to suspend the (perturbed) cylinders. This suspension is important to construct the TE/TM degeneracy.
We introduce three legs on the PEC cylinder as shown in Figure S1b . This inversion symmetry breaking gives a perturbation Hamiltonian ) z describes the valley Pauli matrices, and m is the effective mass induced by inversionsymmetry-breaking of the tripod geometry. The band diagram is shown in Figure S1d . We rotate the tripod in Figure 1a by 30°clockwise around the z axis. The band gap is closed in this situation (as shown in Figure S3a ). Using the tripod lattice with  = 60° in the upper domain as shown in Figure S3b , there is no kink state. We show the experimental setup (shown in Figure S5a ) of the unidirectional excitation employed in Figure 3 . Before reflectance measurement, we first confirm the unidirectional excitation with the sample in Figure S5b . The two zigzag terminations are enclosed with electromagnetic absorbers. By tuning the phase shifter and attenuator in Figure S5a , we can achieve extremely low signal at the left side (red dot) in Figure   S5b , and a large signal at the right side (black dot) which is recorded as the reference.
Supplementary
We changed the probing positions at the left side, which still show extremely low signal.
This process can double confirm the extremely low signal at the left side, thus the unidirectional excitation.
Then, we start to measure the reflectance of both zigzag and armchair terminations.
Firstly, we removed the right absorbers (as shown in Figure S5c) , and probe the signal at the left black dot. This signal is from the reflection of zigzag termination, and is shown in Figure 3 . Secondly, we add the structure highlighted with dashed triangle (shown in Figure S5d ). The signal is from the reflection of the armchair termination.
In the band of kink states (5.8G < f < 6.2G), we take 9 frequency points for reflectance measurement. For each frequency point, we repeat above reflectance measurement 5 times.
(b) Reflectance from zigzag-shaped domain wall and disorder
The measurement of reflectance from the zigzag-shaped domain wall is almost the same as the above procedure. The detailed steps are illustrated in Fig. S6 . We first record the large signal at the blue dot in Fig 
Supplement G: Waveguide Mode dispersion
Different refractive indices of the TE and TM modes in the unpatterned waveguide are observed from the plotted dispersion curves in Figure S7 . The different propagation wavenumbers (horizontal axis) for the same frequency (vertical axis) account for the fact that TE and TM modes have: (i) different refractive angles into the unpatterned waveguide, (ii) different numbers of the refracted beams. They also account for the lack of spin-degeneracy inside the unpatterned waveguide, and therefore for the fact that the spin degree of freedom is not preserved at the interface with an unpatterned waveguide. As the kink states locate in the band gap of the VPC, only left and right channels can permit the transport. We numerically simulate a domain wall with a zigzag termination on the left and with an armchair termination on the right, as shown in Fig.   S9 , where the total power is Ptotal = Pleft + Pup + Pright + Pbottom. In Fig. S9a , we unidirectionally excite the leftward kink state with a phased dipole array. By integrating the power flow through the four boundaries, we find that the Pleft = 98.94% (with numerical errors). That means the leftward kink state is perfectly coupled into the left waveguide region. Similarly, we unidirectionally excite the rightward kink state, and obtain that Pright = 79.98%, and Pleft =18.8%, with the total power Pright + Pleft =98.78% (with numerical errors). That means a part of power couples into the waveguide region by armchair termination, and the remained part couples into the left channel.
